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540a Tuesday, February 28, 2012We used transgenic LQT2 rabbits (lacking, IKr) to investigate the potential role
of alternating CLs on APD dispersion. Hearts (n=4 & 5 for littermate control
(LMC) and LQT2) were perfused and action potentials were recorded with
voltage sensitive dye (di-4 ANEPPS) and CMOS camera (100x100 pixels,
1000 f/s) from anterior region of the heart. Hearts were stimulated at
computer-generated random intervals (ranging from its refractory period plus
50 ms, typically 220-270 ms) and the pattern of stimulation logic pattern that
creates enhanced APD dispersion was identified from LQT2 and LMC.
While APD dispersion from LMC had no clear patterns (S1/S2/S3=232/224/
225 ms) preceding enhanced APD dispersion (n=4/4), enhanced APD disper-
sion from LQT2 consistently showed alternating CL dynamics (S1/S2/S3=
253/250/262 ms, with increased APD dispersion from 19510 to 4051 ms,
n=5/5). The detail analysis shows that spatially heterogeneous APD restitution
in LQT2 promoted APD dispersion. In addition, lack of IKr in LQT2 increased
cardiac memory effect; APD was dependent on the short-term of heart rate var-
iation with higher coefficients from previous CLs (S1/S2 = 0.67/0.27 in LQT2
vs. 0.31/0.08 in LMC) due to slow kinetics of remaining repolarizing current
(IKs), enhancing APD dispersion under alternating CLs.
In conclusion, combined with heterogeneous restitution and memory effect of
APD, short-long CLs in LQT2 may precipitate polymorphic VTs by creating
large APD dispersion.
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Hypercholesterolemia has been associated with ventricular arrhythmias and
sudden cardiac death (SCD). Elevated cholesterol levels alter membrane prop-
erties and can affect cardiac ion channel function leading to rhythm distur-
bances. QT prolongation which reflects ventricular repolarization is a known
risk factor for ventricular arrhythmia. Thus, the objective of this study was to
investigate the effects of hypercholesterolemia on QTc interval using mice
overexpressing human ApoB-100 (hAPOBþ/þ) which exhibit high levels of
cholesterol. Surface ECG were recorded from anaesthetized male and female
hAPOBþ/þ mice and their age-matched littermate controls at 2, 4, 6, 9 and
12 mo. The 4mo male hAPOBþ/þ mice displayed longer QTc intervals (ms)
than the controls (4mo, CTL: 63.451.0, n=38; hAPOBþ/þ: 70.451.5,
n=36, p<0.05). This difference was further accentuated at 9 and 12 mo
(9mo, CTL: 63.850.6, n=12; hAPOBþ/þ: 76.552.4, n=12; 12mo, CTL:
66.151.6, n=10; hAPOBþ/þ: 79.852.1, n=12, p<0.05 vs 4mo). The in-
creased QTc interval was independent of body weight (g) (12mo, CTL:
6652, n=10; hAPOBþ/þ: 8052, n=12, p=NS). In addition, female
hAPOBþ/þ mice also had a significantly longer QTc interval compared to
their respective controls but unlike the males this difference became significant
only at 6mo (6mo, CTL: 63.151.2 n=30; hAPOBþ/þ: 70.951.6, n=24,
p<0.05) and did not increase further with age. Western Blot and qPCR analyses
of ventricular Kþ channels (Kv1.5, Kv2.1, Kv4.2, Kv4.3 and Kir2.1) showed
no differences in the protein and mRNA expression of control and hAPOBþ/
þ mice. Altogether, these findings indicate that hypercholesterolemia
lengthens ventricular repolarization in both males and females with a more se-
vere phenotype in males. Kþ channel expression were unchanged in hAPOBþ/
þ mice suggesting that the cholesterol-induced QT prolongation would be due
to changes in membrane properties affecting Kþ channel functions.
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Variability is observed in cardiac electrophysiology measurements, but causes
are unknown. We quantified the importance of repolarization currents underly-
ing physiological action potential (AP) and calcium transient (CaT) variability
using a rabbit ventricular AP model.
Computer simulations using the Mahajan et al. model were conducted to deter-
mine effects on AP and CaT of simultaneous variation in peak conductance of
IK1, IKr, IKs, Ito, ICa,L and INaK by up to530%. Combinations resulting in phys-
iological response compared to original model output were determined for dif-
ferent percentages of variability at two pacing rates.
Results demonstrate that 98 and 413 combinations result in physiological re-
sponse at 2.5Hz, with less than 2.5% and 5.0% difference from control (Panel
A). At both percentages, response is more sensitive to changes in peak conduc-
tance of Ito, ICa,L and INaK than in IKs, IKr and IK1 (Panel B). Considering mea-
sured physiological variability in experimental rabbit preparations increasescombinations to 1,697. When data at 1Hz are also considered, this is reduced
to 288.
Relative importance
of currents to vari-
ability in cardiac
electrophysiology
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Mutations in the gene encoding the cardiac sodium (Naþ) channel, SCN5A,
have been implicated in multiple arrhythmia syndromes, such as long-QT syn-
drome type 3 (LQT3) and Brugada syndrome (BrS). Carriers of the SCN5A-
1795insD mutation exhibit both features of LQT3 and BrS. Transgenic mice
carrying the mouse equivalent (1798insD) of the human SCN5A-1795insD mu-
tation recapitulate the electrophysiological characteristics observed in patients.
Recent advances in the pluripotent stem cells (PSCs) field have created new op-
portunities for modelling cardiac genetic diseases. However, it is unclear
whether PSCs can model genetic disorders affecting the cardiac Naþ channel
due to the immaturity of the PSC- derived cardiomyocytes (CMs). To address
this issue, we generated multiple PSC lines containing a Naþ channel mutation
causing a cardiac Naþ channel overlap syndrome.
Methods: We generated mouse embryonic stem cells (mESCs) and mouse in-
duced pluripotent stem cells (miPSCs), both wild type (scn5a-wt) and carrying
the heterozygous scn5a-1798insDmutation (scn5a-het). Human iPSCs (hiPSCs)
both from a patient carrying the SCN5A-1795insDmutation (SCN5A-het) and an
unaffected individual were also created. Finally, human and mouse PSCs were
differentiated into CMs and used for patch-clamp experiments.
Results: In both mESC and miPSC cardiomyocytes, scn5a-het showed a signif-
icant decreased INa density compared to Scn5a-wt, while Na
þ channel gating
properties were unchanged. Action potential (AP) measurements revealed a re-
duced upstroke velocity and longer AP duration in Scn5a-het myocytes. These
characteristics reflected those in primary CMs isolated from adult Scn5a-het
mice. Finally, SCN5A-het myocytes revealed similar changes to those observed
in the mouse PSC-CMs.
Conclusions: Here we demonstrated that ESC- and iPSC derived cardiomyo-
cytes recapitulate the electrophysiological characteristics of a cardiacNaþ chan-
nel mutation associated with both LQT3 and BrS and that the immaturity of PSC
cardiomyocytes does not preclude their use as an accurate disease model.
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INTRODUCTION: The Brugada syndrome (BrS) is characterized by an atyp-
ical right bundle block pattern with ST segment elevation and T wave inversion
in the right precordial leads. The disease transmission is autosomal dominant
with incomplete penetrance. We found 3 novel mutations in SCN5A in two in-
dependent families diagnosed with BrS.
METHODS:We performed genetic testing of the probands’ genomic DNA. Af-
ter site-directed mutagenesis and transfection, whole-cell currents were re-
corded by voltage clamp for NaV1.5 WT and mutants heterologously
expressed in CHO-K1 cells.
RESULTS: Proband 1, a 44 male with history of recurrent episodes of syncope
was found to have two novel NaV1.5 mutations; NaV1.5-R811H and NaV1.5-
R620H. The NaV1.5-R811H mutation showed a significant loss-of-function in
peak Naþ current density. In addition, a negative shift in steady-state
